Abstract. Considering the influence on the output voltage and current of the three-level inverter by dead time, voltage drop, opening time, turn-off time of power devices and grid voltage, a mathematical model of three-level inverter is built, based on which a dead-time compensation strategy for three-level inverter based on FFT is proposed. The strategy uses Fast Fourier Transform(FFT) to filter current to determine the polarity of current accurately. The simulation based on three-level inverter shows that the compensation strategy of the dead time can effectively reduce the harmonic content of the output current introduced by the dead time and avoid the zero-current clamping.
Introduction
The control of inverter has been a hot topic. In order to prevent the DC-side capacitor of the inverter from being short-circuited, the dead zone [1] [2] [3] must be added to the complementary PWM trigger signal of the same bridge arm to ensure the switch on the same bridge arm not be turned on at the same time. However, due to the introduction of dead time [4] , the output voltage and grid current are distorted and the harmonic content of the grid current is increased, which results in a serious decline in power quality. For this reason, dead-zone compensation must be made.
Literature [5] establishes a mathematical model of the output voltage of the two-level inverter, and accurately determines the direction of the current based on the space vector angle to achieve dead-zone compensation. Literature [6] overcomes the shortcomings of the traditional dead-zone compensation that cannot eliminate the zero-current clamping, and uses the disturbance observer to estimate the error voltage online to achieve dead-zone compensation.
In this paper, the dead-zone effect is regarded as an external disturbance. The fundamental current is extracted by fast Fourier transform FFT from output current of inverter. The fundamental current value of the previous cycle is used to judge the positive and negative signs to compensate the dead-zone effect of the current cycle, and the fundamental current of the current period is used. The value of the positive and negative sign compensates for the dead-zone effect of the current cycle is the same, thus achieving accurate compensation for the dead zone.
Compensation Strategy of Dead Zone
Considering the on time and off time of switching tube, the total error time is:
Then the effective conduction time of the three-phase voltage can be expressed as: 
In Eq. (3) Since the voltage drop of the power switching tube increases with the increase of current, it is approximately equivalent to the linear model here. So there has:
When phase A is in the switching state of O-P-O, the operating time of SA=1 is Ta, and the operating time of SA=0 is Ts-Ta within a switching period. According to Volt-second balance, the equivalent voltage of point A relative to point O can be solved as:
Similarly, when phase A is in the switching state of O-N-O, the equivalent voltage of point A relative to point O is: 
The three-phase equivalent output voltage is:
As balanced three phases, there has: 
Correct the reference voltage of each phase according to the following formula.
In combination with Eq. (10), (11) 
Current Polarity Judgment Based on FFT
Traditional current polarity judgment method is directly judging the sign of the sampling current, or after making the sampling current pass through a low-pass filter. However, due to the effect of zero current clamped, the former occurs misjudgment error compensation near the zero point. Although the latter can avoid the zero current clamped, low pass filter can make the phase of current delay, which can appear the same error compensation.
If the dead-zone is regarded as an external disturbance and the dead-zone time is fixed, its effect on the current of each period is same. Suppose that a filter has the traditional filtering function and can delay the phase of current by one period. That is, compensate the dead zone effect of the current period according to using the sign of the current after through a low-pass filter at the last period. It is same that using the sign of the current after through a low-pass filter at the current period to compensate the dead zone effect of the current period. Fast Fourier Transform (FFT) has this function. It can extract the fundamental signal from the sampling current value of the previous period. that is, delay the phase of current by one period.
FFT is an efficient algorithm for DFT, which realizes large-scale transformation through many small and easier transformations. It also reduces the operation requirements. The transformation formula of DFT is:
In Eq. (19), N is sampling number, and the above formula can be divided into odd and even sequences for butterfly operation to achieve FFT.
The current signal become a series of complex Numbers after FFT, and extracts the real part and imaginary part of the fundamental wave, then transform by Eq. (20) to realize the reduction of the fundamental current signal. At this point, the polarity of the current can be accurately judged.
(20)
Case Studies
In order to examine the effectiveness of the dead zone compensation proposed strategy, case studies are carried out through MATLAB/Simulink. Its parameters are as follows: inductance near the inverter is 0.74mH, inductance near the grid is 0.15mH, filter capacitance is 6.6μC, triode voltage drop is 2 V, diode voltage drop is 2.5 V, switching frequency is 20kHz, dead zone time is 4μs, DC voltage is 650 V, the effective voltage value of grid is 220 V, the effective current value of grid is15.15 A. It can be seen from the simulation, dead-zone compensation strategy which adds low pass filter and adds FFT can decrease the harmonic content of output current and it is obviously lower than the dead zone compensation that not contain any filtering. It is proved that they can improve the zero current clamped effect, and the effect of adding FFT is obviously better than that of adding low-pass filter. Compensation with FFT can effectively avoid the error compensation 
Conclusions
This paper proposes a dead zone compensation strategy of three-level inverter based on FFT. Using FFT to filter the current, and overcome the disadvantage of zero current clamped. It improves the accuracy in the current polarity judgment which is used to compensate the voltage drop, on time and off time of power switching tube. Simulation results show that the strategy is effective.
